INTRODUCTION
============

Coffee is one of the most popular beverages in Japan. Coffee consumption was recently reported to reduce mortality from hepatocellular carcinoma^[@r01]^; to decrease the incidences of type 2 diabetes,^[@r02]^ impaired glucose tolerance,^[@r03]^ metabolic syndrome,^[@r04]^ and constipation^[@r05]^; and to lower serum uric acid concentration^[@r06]^ in the Japanese population. A large-scale epidemiological study also reported that habitual coffee consumption is associated with lower blood pressure in the Japanese population.^[@r07]^

The mitochondrial DNA cytosine/adenine (Mt5178 C/A) polymorphism,^[@r08]^ which is also known as the NADH dehydrogenase subunit-2 237 leucine/methionine (ND2-237 Leu/Met) polymorphism, is a mitochondrial DNA polymorphism that is associated with longevity.^[@r08]--[@r13]^ Among Japanese, the frequency of the ND2-237Met (Mt5178A) genotype is significantly higher in centenarians than in the general population.^[@r08]^ This polymorphism is associated with serum lipid levels,^[@r14]^ fasting plasma glucose levels,^[@r15]^ pulmonary function,^[@r16]^ intraocular pressure,^[@r17]^ and serum electrolyte levels.^[@r18]^ Moreover, the ND2-237 Leu/Met polymorphism modifies the effects of alcohol consumption on blood pressure,^[@r19]^ the risk of hypertension,^[@r20]^ serum lipid levels,^[@r21]^ serum uric acid levels,^[@r22]^ and intraocular pressure.^[@r17]^ It also modifies the effects of habitual smoking on serum lipid levels,^[@r21]^ hematological parameters,^[@r23]^ pulmonary function,^[@r16]^ intraocular pressure,^[@r17]^ and serum protein fraction levels.^[@r24]^ As compared to Japanese with ND2-237Leu, those with ND2-237Met are more resistant to lifestyle-related adult-onset diseases, such as hypertension,^[@r20]^ diabetes,^[@r25]^ myocardial infarction,^[@r26],[@r27]^ and cerebrovascular disorders.^[@r28]^ Primary prevention of hypertension is crucial for the prevention of adult-onset atherosclerotic diseases. Therefore, differences in the blood pressure-lowering effects of coffee consumption between the ND2-237Leu and ND2-237Met genotypes are of clinical interest.

The objective of this study was to investigate whether the ND2-237 Leu/Met polymorphism modifies the effects of coffee consumption on blood pressure or the risk of hypertension in middle-aged Japanese men.

METHODS
=======

Subjects
--------

Participants were recruited from among individuals visiting the Mito Red Cross Hospital for regular medical check-ups from August 1999 through August 2000. This study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the Kyorin University School of Medicine. Written informed consent was obtained from 602 volunteers before participation. Women were excluded because the number of women was insufficient for classification into groups based on ND2-237 Leu/Met genotype and coffee consumption. Thus, 406 men without diabetes were enrolled in the study. Patients with diabetes were excluded because the prevalence of hypertension is higher in diabetic patients than in non-diabetic patients.^[@r29]^ Eight individuals with ambiguous data were also excluded. Therefore, the subjects comprised 398 Japanese men (mean age ± standard deviation \[SD\], 53.8 ± 7.8 years).

Clinical characteristics of subjects
------------------------------------

Determination of blood chemical and physical data was conducted as described previously.^[@r14],[@r19]^ For both systolic blood pressure (SBP) and diastolic blood pressure (DBP), the mean of 2 consecutive values, measured by physicians, was used. Hypertension was defined as an SBP of 140 mm Hg or higher, a DBP of 90 mm Hg or higher, or antihypertensive drug treatment. Body-mass index (BMI) was defined as the ratio of subject weight (kg) to the square of subject height (m). Data on coffee intake, green tea intake, frequency of alcohol consumption, and smoking status were collected by means of a questionnaire. Coffee consumption was classified by number of cups of coffee per day (1 cup or less per day, 2 or 3 cups per day, and 4 or more cups per day). Alcohol consumption was classified by drinking frequency (daily drinker; occasional drinker, which included those who drink several times per week or per month; and non- or ex-drinker). Smoking status was classified as non- or ex-smoker and current smoker.

Genotyping
----------

Genotyping was performed as described previously.^[@r14]^ Briefly, DNA was extracted from white blood cells. Polymerase chain reaction-restriction fragment length polymorphism using the restriction enzyme *Alu*I was performed. The absence of an *Alu*I site was designated as ND2-237Met (Mt5178A), and the presence of this restriction site was designated as ND2-237Leu (Mt5178C).

Statistical analyses
--------------------

Statistical analyses were performed using SAS statistical software, version 8.2 for Windows (SAS Institute, Inc., Cary, NC, 1999). For multiple linear regression analysis, frequency of alcohol consumption (non- or ex-drinkers = 0, occasional drinkers = 1, and daily drinkers = 2), smoking status (non- or ex-smokers = 0, current smokers = 1), and antihypertensive treatment (no drug treatment = 0, taking medicine = 1) were numerically coded. Multiple logistic regression analysis was used to calculate odds ratios for hypertension. A *P* value less than 0.05 was considered to be statistically significant.

RESULTS
=======

Except for information on coffee and green tea consumption, the clinical characteristics of study subjects were as shown previously.^[@r20]^ No significant differences in biophysical or biochemical characteristics were observed between individuals with the ND2-237Leu and ND2-237Met genotypes (Table [1](#tbl01){ref-type="table"}). The frequency of hypertension was significantly higher in men with the ND2-237Leu genotype than in those with the ND2-237Met genotype (*P* = 0.040). No significant difference in coffee consumption was observed between the ND2-237 Leu/Met genotypes.

###### Clinical characteristics of study subjects, by ND2-237 Leu/Met genotype

                                                                                   ND2-237Leu       ND2-237Met       *P* value
  -------------------------------------------------------------------------------- ---------------- ---------------- -----------
                                                                                   *n* = 242        *n* = 156         
  Age (y)                                                                          54.4 ± 7.8       53.2 ± 7.8       0.137
  Body-mass index (kg/m^2^)                                                        23.3 ± 2.8       23.5 ± 2.6       0.452
  Systolic blood pressure (mm Hg)                                                  125.8 ± 15.7     125.8 ± 14.1     0.977
  Diastolic blood pressure (mm Hg)                                                 74.0 ± 10.5      73.8 ± 9.1       0.854
  Total cholesterol (mg/dl)                                                        203.2 ± 33.9     201.9 ± 31.9     0.699
  High-density lipoprotein cholesterol (mg/dl)                                     54.4 ± 13.5      56.3 ± 16.1      0.184
  Fasting plasma glucose (mg/dl)                                                   99.6 ± 16.2      98.2 ± 20.2      0.399
  Uric acid (mg/dl)                                                                5.92 ± 1.23      5.94 ± 1.22      0.871
  Coffee consumption (≤1 cup per day/2--3 cups per day/≥4 cups per day) (%)        60.7/30.2/9.1    54.5/33.3/12.2   0.402
  Green tea consumption (≤3 cups per day/4--9 cups per day/≥10 cups per day) (%)   56.6/33.1/10.3   61.5/29.5/9.0    0.621
  Frequency of alcohol consumption (daily/occasional/non- or ex-drinker) (%)       46.3/35.1/18.6   48.7/37.8/13.5   0.403
  Current smokers (%)                                                              41.7             41.0             0.888
  Antihypertensive medication (%)                                                  19.8             13.5             0.101
  Hypertension (%)                                                                 32.6             23.1             0.040

Age, body-mass index, systolic blood pressure, diastolic blood pressure, serum total cholesterol level, serum high-density lipoprotein cholesterol level, fasting plasma glucose level, and serum uric acid level are shown as means ± S.D. All *P* values depict the significance of differences between individuals with the ND2-237Leu or ND2-237Met genotype. For coffee consumption, green tea consumption, alcohol consumption, smoking status, use of antihypertensive medication, and hypertension, *P*values were calculated by the chi-square test.

On analysis of variance, no interaction between ND2-237 Leu/Met polymorphism and coffee consumption on SBP or DBP was observed (*P* = 0.171 and *P* = 0.189, respectively).

On multiple linear regression analysis (Table [2](#tbl02){ref-type="table"}), in subjects with ND2-237Leu, age, BMI, frequency of alcohol consumption, and use of antihypertensive drugs were significantly and positively associated with SBP (*P* = 0.041, *P* \< 0.001, *P* \< 0.001, and *P* = 0.002, respectively); BMI, frequency of alcohol consumption, and use of antihypertensive drugs were significantly and positively associated with DBP (*P* \< 0.001, *P* \< 0.001, and *P* \< 0.001, respectively). Coffee consumption (number of cups per day) was significantly and negatively associated with DBP (*P* = 0.007). In subjects with ND2-237Met, age and use of antihypertensive drugs were significantly and positively associated with SBP (*P* = 0.015 and *P* \< 0.001, respectively); BMI and use of antihypertensive drugs were significantly and positively associated with DBP (*P* = 0.001 and *P* = 0.002, respectively).

###### Multiple linear regression analyses for blood pressure in men with the ND2-237Leu and ND2-237Met genotypes

                                       ND2-237Leu       ND2-237Met                                      
  ------------------------------------ ---------------- ------------ --------- ---------------- ------- ---------
  Systolic blood pressure                                                                                
  ​ Age (y)                            0.263            0.128        0.041     0.347            0.141   0.015
  ​ Body-mass index (kg/m^2^)          1.797            0.360        \<0.001   0.681            0.423   0.110
  ​ Total cholesterol (mg/dl)          0.013            0.027        0.630     0.008            0.032   0.807
  ​ HDL-cholesterol (mg/dl)            0.133            0.074        0.074     −0.049           0.068   0.471
  ​ Fasting plasma glucose (mg/dl)     0.033            0.050        0.513     0.157            0.094   0.095
  ​ Uric acid (mg/dl)                  −0.106           0.763        0.890     0.747            0.828   0.368
  ​ Coffee consumption (cups/day)      −1.049           0.646        0.106     −0.816           0.643   0.207
  ​ Green tea consumption (cups/day)   −0.333           0.309        0.283     −0.301           0.333   0.367
  ​ Frequency of alcohol consumption   4.311            1.274        \<0.001   −0.395           1.421   0.782
  ​ Smoking status                     −1.088           1.905        0.568     −2.656           2.082   0.204
  ​ Use of antihypertensives           7.489            2.389        0.002     15.299           2.954   \<0.001
                                       *R*^2^ = 0.271                \<0.001   *R*^2^ = 0.334           \<0.001
                                                                                                        
  Diastolic blood pressure                                                                               
  ​ Age (y)                            0.006            0.085        0.939     0.144            0.098   0.145
  ​ Body-mass index (kg/m^2^)          1.237            0.239        \<0.001   0.958            0.294   0.001
  ​ Total cholesterol (mg/dl)          0.008            0.018        0.633     −0.001           0.022   0.964
  ​ HDL-cholesterol (mg/dl)            0.016            0.049        0.754     0.006            0.047   0.906
  ​ Fasting plasma glucose (mg/dl)     0.005            0.033        0.889     0.032            0.065   0.628
  ​ Uric acid (mg/dl)                  0.364            0.507        0.474     0.577            0.575   0.318
  ​ Coffee consumption (cups/day)      −1.163           0.430        0.007     −0.141           0.447   0.753
  ​ Green tea consumption (cups/day)   −0.176           0.205        0.392     −0.264           0.231   0.255
  ​ Frequency of alcohol consumption   2.854            0.848        \<0.001   −0.760           0.987   0.443
  ​ Smoking status                     −1.547           1.267        0.223     −1.358           1.446   0.349
  ​ Use of antihypertensives           5.349            1.589        \<0.001   6.594            2.052   0.002
                                       *R*^2^ = 0.282                \<0.001   *R*^2^ = 0.226           \<0.001

For multiple linear regression analysis, some independent variables were numerically coded: frequency of alcohol consumption (non-/ex-alcohol drinker = 0, occasional drinker = 1, daily drinker = 2), smoking status (non-/ex-smoker = 0, current smoker = 1), and use of antihypertensives (no = 0, current = 1).

Abbreviations: HDL, high-density lipoprotein; SEM, standard error of the mean.

On multiple logistic regression analysis (Table [3](#tbl03){ref-type="table"}), associations between the ND2-237 Leu/Met polymorphism and hypertension depended on coffee consumption. Among all subjects, the odds ratio (OR) for hypertension was significantly lower in those who consumed 2 or 3 cups of coffee per day than in those who consumed 1 cup or less per day (OR, 0.490; 95% CI, 0.295 to 0.815; *P* = 0.008). However, after adjustment, this association between coffee consumption and hypertension disappeared. The OR for hypertension was significantly lower in subjects with ND2-237Leu who consumed 2 or 3 cups of coffee per day than in those who consumed 1 cup or less per day (OR = 0.517, 95% CI: 0.276 to 0.968, *P* = 0.039). After adjustment for age, BMI, frequency of alcohol consumption, smoking status, serum total cholesterol level, serum HDL-cholesterol level, fasting plasma glucose level, serum uric acid level, and green tea consumption (number of cups per day), the OR remained significant (OR, 0.399; 95% CI, 0.184 to 0.869; *P* = 0.020). Moreover, after adjustment, the OR for hypertension was significantly lower in subjects with ND2-237Leu who consumed 4 or more cups of coffee per day than in those who consumed 1 cup or less per day (OR, 0.246; 95% CI, 0.062 to 0.975; *P* = 0.046). However, the association between the ND2-237Met genotype and hypertension did not depend on coffee consumption.

###### Odds ratios (ORs) and 95% confidence intervals (CIs) for hypertension, by ND2-237 Leu/Met genotype and coffee consumption

  ----------------------------------------------------------------------------------------------------------------------------------
  Genotype and coffee\      Frequency    OR (95% CI)   Adjusted OR^a^ (95% CI)   Adjusted OR^b^ (95% CI)   
  consumption                                                                                              
  ------------------------- ------------ ------------- ------------------------- ------------------------- -------------------------
  Total                                                                                                     

  ​ ≤1 cup per day (%)      151 (65.1)   81 (34.9)     1 (reference)             1 (reference)             1 (reference)

  ​ 2--3 cups per day (%)   99 (79.2)    26 (20.8)     0.490 (0.295--0.815)^d^   0.595 (0.352--1.028)      0.560 (0.342--1.010)

  ​ ≥4 cups per day (%)     33 (80.5)    8 (19.5)      0.452 (0.199--1.020)      0.580 (0.235--1.415)      0.581 (0.231--1.447)

                                                                                                            

  ND2-237Leu                                                                                                

  ​ ≤1 cup per day (%)      90 (61.2)    57 (38.8)     1 (reference)             1 (reference)             1 (reference)

  ​ 2--3 cups per day (%)   55 (75.3)    18 (24.7)     0.517 (0.276--0.968)^c^   0.527 (0.258--1.078)      0.399 (0.184--0.869)^c^

  ​ ≥4 cups per day (%)     18 (81.8)    4 (18.2)      0.351 (0.113--1.090)      0.333 (0.092--1.206)      0.246 (0.062--0.975)^c^

                                                                                                            

  ND2-237Met                                                                                                

  ​ ≤1 cup per day (%)      61 (71.8)    24 (28.2)     1 (reference)             1 (reference)             1 (reference)

  ​ 2--3 cups per day (%)   44 (84.6)    8 (15.4)      0.462 (0.190--1.124)      0.782 (0.287--2.131)      0.695 (0.244--1.983)

  ​ ≥4 cups per day (%)     15 (79.0)    4 (21.0)      0.678 (0.204--2.250)      1.373 (0.350--5.382)      1.587 (0.388--6.495)
  ----------------------------------------------------------------------------------------------------------------------------------

^a^OR adjusted for age, body-mass index, alcohol consumption, and smoking status.

^b^OR adjusted for age, body-mass index, frequency of alcohol consumption, smoking status, serum total cholesterol level, serum high-density lipoprotein cholesterol level, fasting plasma glucose level, serum uric acid level, and green tea consumption.

^c^*P* \< 0.05, ^d^*P* \< 0.01.

DISCUSSION
==========

In the present study, we found that the ND2-237 Leu/Met polymorphism modulates the effects of coffee consumption on the risk of hypertension in middle-aged Japanese men. Coffee consumption was significantly and negatively associated with DBP only in men with ND2-237Leu. For men with the ND2-237Leu genotype, habitual coffee drinking may reduce the risk of hypertension.

Individuals with the ND2-237Met genotype may be more resistant to atherosclerosis than those with the ND2-237Leu genotype.^[@r26]--[@r28],[@r30]^ The antiatherogenic advantages of the ND2-237Met genotype may be mediated by the biophysical and biochemical properties of ND2-237Met. Methionine residues play a role as an antioxidant that scavenges reactive oxygen species (ROS).^[@r31]^ NADH dehydrogenase is involved in the production of ROS^[@r32]^ and is a target of ROS. Habitual alcohol consumption influences the production of ROS by NADH dehydrogenase^[@r33]^ and modulates the susceptibility to ROS of mitochondrial proteins, including NADH dehydrogenase.^[@r34]^ Smoking attenuates the activity of NADH dehydrognase.^[@r35]^ We hypothesized that ND2-237 Leu/Met may result in differences in biophysical or biochemical status, thereby affecting ROS production and/or sensitivity related to ethanol intake or smoking. Moreover, because ROS are pathophysiologically involved with hypertension, atherosclerosis, and aging,^[@r36]^ the protective potential of ND2-237Met against ROS may play an important role in resistance to atherosclerotic diseases and increased longevity.

Chlorogenic acids, which are present in coffee beans, are assumed to be involved in the mechanism by which the ND2-237 Leu/Met polymorphism modulates the effects of coffee intake on the risk of hypertension. Pavlica and Gebhardt reported that chlorogenic acids protected against ROS in differentiated neuronal PC12 cells.^[@r37]^ Suzuki et al reported that chlorogenic acids inhibit excessive ROS production and improve hypertension in spontaneously hypertensive rats.^[@r38]^ Results from randomized clinical trials suggest that chlorogenic acids decrease blood pressure in mildly hypertensive patients.^[@r39],[@r40]^ To elucidate the mechanisms responsible for differences between the ND2-237 Leu/Met genotypes in the blood pressure-lowering effects of chlorogenic acids, further biophysical and biochemical studies are required. Moreover, because other polymorphisms may be associated with hypertension via oxidative stress,^[@r41],[@r42]^ investigation of gene--gene and gene--gene--environment interactions of ROS with hypertension is required.

Reports have suggested that the ND2-237 Leu/Met polymorphism modifies the effects of habitual alcohol consumption on blood pressure^[@r19]^ and the risk of hypertension.^[@r20]^ Therefore, to reduce the risk of hypertension, men with ND2-237Leu should avoid daily alcohol consumption and drink 2 or more cups of coffee per day. Clinical experimental studies have shown that drinking more than 3 cups of coffee per day lowers blood pressure in hypertensive or prehypertensive men who consume alcohol every day.^[@r43]^ Moderate coffee consumption may also lower the risk of coronary heart disease.^[@r44]^ However, heavy coffee consumption does not appear to be beneficial to overall health. A large cohort study found that an intake of more than 4 cups of coffee per day increased the risk of pancreatic cancer in Japanese men.^[@r45]^

A potential weakness of the present study was the small sample size. If there were an interaction between ND2-237 Leu/Met polymorphism and coffee consumption on blood pressure, it would be statistically difficult to detect with the present sample size. Moreover, we analyzed only a single population. To avoid chance errors in molecular epidemiological studies, it is necessary to analyze 2 or more independent data sets. Therefore, further collaborative research using a larger study sample that includes multiple populations is required. In addition to the absence of information on sodium intake and volume of alcohol consumed, coffee consumption was ambiguously defined as number of cups consumed per day. The possibility of an interaction between the ND2-237 Leu/Met polymorphism and the amount of chlorogenic acids, caffeine, or other compounds in coffee and the risk of hypertension warrants further investigation.

In conclusion, the ND2-237 Leu/Met polymorphism may modulate the effects of habitual coffee consumption on the risk of hypertension in middle-aged Japanese men. For men with ND2-237Leu, drinking 2 or more cups of coffee per day may reduce the risk of hypertension, presumably by lowering DBP. Therefore, although individuals with ND2-237Leu may have a higher risk of hypertension than those with ND2-237Met, lifestyle habits may reduce the risks of hypertension and subsequent atherosclerotic diseases. We believe that these findings may encourage further investigation of gene--environment and gene--gene--environment interactions involving habitual coffee intake on hypertension, and may contribute to the development of individualized prevention strategies for hypertension, which will result in a lower incidence of atherosclerotic diseases.
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